Abstract: The vertical coherence of an acoustic noise field in shallow water (at frequencies dominated by sea surface noise) can be used to infer certain ocean bottom properties such as the compressional sound speed of the upper sediment layer. Three Lagrangian Ambient Noise Drifters (LANDs) were developed for vertical coherence measurements. The drifters (drogued at 15 m depth) follow the near-surface currents, and take hourly measurements of coherence from their two hydrophores located at 50 m depth. The hydrophore separation is I m, and the measurements are made over a useable frequency range of 100 Hz to 1 kHz. The drifters were deployed twice consecutively at Western Bank (Scotian Shelf, Canada) and drifted for a period of up to 2.5 days.
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BACKGRO~D
Coherence is a normalized measurement. As a consequence, the vertical coherence of an ambient noise field should be independent of background noise level, wind speed antior sea state, and the measurement should remain stable over a wide range of environmental conditions. This stability is particularly useful when relating vertical noise coherence to seabed parameters, as described in (1) .
The Lagrangian Ambient Noise Drifters (LANDs) were first designed under contract by Seimac as a tool to measure underwater ambient noise over long periods of time (2) . The drifters are drogued at 15 m depth to follow near-surface currents, and are equipped with diverse instrumentation to measure ambient noise levels (in third-octave bands from 50 Hz to 12.8 kHz) at 100 m depth, as well as GPS buoy position, wind speed and direction, surface wave energy spectrum, water temperature at the surface and at 100 m depth. The information is relayed hourly to a land-based station via an ARGOS satellite link.
The LANDs have been successfully used in the Gulf Stream (3), and a few units were modified to measure vertical noise coherence in shallow water. For this purpose, the hydrophore was relocated at 50 m depth, and a second hydrophore was positioned 1 m below it. The electronics package was also modified to internally record, once per hour, the frequency noise spectra at both hydrophores and the cross-spectrum between them, over a useable frequency range of 100 Hz to 1 kHz. The coherence (or normalized cross-spectrum) of the noise field is later calculated from these spectra. The life cycle of the drifters was reduced from 14 to 5 days due to power limitations.
Five ambient noise LANDs and three modified LANDs (for coherence measurements) were deployed during a sea trial over Western Bank (Scotian Shelf, Canada) in September 1997. During a first deployment, the LANDs drifted for 2 consecutive days in the Northern shallow water area of the Bank. A second deployment occurred in the Western Gully (between Western and Emerald Banks) and lasted 1 day. The wind varied from 2 to 13 tis during the deployments, and the sea conditions varied from calm to 3-4 m waves.
EXPERIMENTAL RESULTS Figure 1 shows the 800-Hz ambient noise levels (upper symbols and scale on left) and the wind speed at 10 m (lower curves and scale on right) as a function of time for the 3 coherence drifters over the 2 days of the first deployment. The noise levels are 5-minute averages over a third-octave band; the anemometers are located 1 m above sea level, and the readings are corrected to give an equivalent wind speed at a 10-m standard height. The wind speed cycles between 2 storm systems passing over the experimental location. The ambient noise levels (NL) correlate well with wind speed (Y), and follow a relationship of the type NkB+20rrlogv, where B and v are frequency dependent, Figures 2 and 3 show two samples of coherence data (real and imaginary parts) as a function of frequency. The samples were taken on 19 Sep 97 at 1300 and 1500 UTC. At 1500 UTC (dark line in both figures), no ships were observed in a 40 km radius from the drifters (except for the experimental ship with engines turned of~. At 1300 UTC, one ship was sighted on radar at approximately 23 km from the buoys.
The real coherence at 1500 UTC (dark line in Figure 2 ) is similar to that measured in the same area on other occasions and with a different measurement system (1). The coherence was successfully modelled in (1) assuming a 38-m layer of sand over bedrock, which is typical of the Western Bank area. The low coherence at frequencies below 50 Hz is due to self noise on the hydrophores.
Even over 20 km away, one ship is enough to affect significantly the real and imaginary coherence (pale curves in Figures 2 and 3) of the noise field. During these measurements, however, the wind speed was at its minimum (2 to 4 m/s). For wind speeds above 5 m/s, local shipping is better masked by wind/sea state noise, and the variance of the coherence measurement (particularly the imagin~part) is reduced.
If vertical noise coherence is used to estimate bottom parameters (such as compressional and shear speed of the upper sediment layer), wind speeds above 10 kn can reduce the degree of uncertainty on the estimates. This is particularly true for shear speed estimates, which relate more closely to the imaginary part of the vertical coherence.
